Introduction
The increase in healthcare costs can be more rapid than the rise in the inflation rate, which may occur despite any improvements in quality [1] . Therefore, efficient healthcare is important for hospitals. In the diagnosis related group (DRG) system, fixed prices, irrespective of actual costs, require hospitals and physicians to economise on treatment costs [2] . In Switzerland in 2012, the DRG system replaced a cost-based reimbursement system that depended on the length of hospital stay (LOS) [3] . In the United States, such a system was first introduced in New Jersey in 1980 [4] . The DRG system classifies patients into around 500 groups of diseases according to the International Classification of Diseases (ICD) and other patient characteristics.
LOS is one of the crucial points for cost containment, because inpatients who stay for a shorter (shorter LOS outlier) or longer (longer LOS outlier) period than that predicted from their respective DRG lead to less financial reimbursement. Shorter LOS outliers directly decrease financial reimbursement, whereas longer LOS outliers receive extra payments that are usually not cost-effective. This is particularly important for patients who develop inhospital complications because they usually stay substantially longer [5] . LOS is also associated with patient outcomes. Patient satisfaction is associated with shorter LOS, and complications are linked to longer LOS [6] . However, there is a lack of information on risk factors for shorter and longer LOS outlier status in Switzerland.
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The objective of this study was to identify independent DRG-related risk factors for shorter and longer LOS outlier status.
Materials and methods

Study design
Between January 2012 and December 2014, 8534 inpatients were treated and discharged (inclusion criteria) at the authors' trauma department. Overall, 287 patients without information on LOS based on DRG were excluded, resulting in an analytical sample size of 8247 patients. All data were acquired through a search of the hospital's routine database for billing purposes, including the disease codes of the World Health Organization. The International Statistical Classification of Diseases and Related Health Problems, 10th Revision, German Modification, Version 2010 (ICD-10) was used [7] . Prior to the start of the study, ethical approval was obtained from the local ethics committee (Kantonale Ethikkommission Zürich, KEK-ZH-Nr: 2011-0382).
Predictor variables
The main predictor variable was age. Many secondary predictor variables (and, if applicable, their ICD-10 codes) were investigated. All available data for billing purposes were included in order to provide the most comprehensive review of potential risk factors since there is very little evidence about this subject. Several, often rare, subcategories (e.g., lung contusion, hepatitis, pseudarthrosis) that would probably not add more information, but instead crowd the analysis, were excluded. By including many variables, we hoped to address various specialties and provide the basis for future studies. The included variables were gender, comorbidities, injury severity score (ISS), normalised ISS (NISS), number of surgical procedures, in-house mortality, and the presence of the following medical conditions / diagnoses described by specific ICD-10 codes as stated: perioperative complications (distinct Y-codes), number of traumatic diagnoses (all S*-Codes), number of secondary medical diagnoses, wound infection (T81.4), head concussion (S06.0), viscerocranial fracture (S02), epidural haematoma (S06.4), subdural haematoma (S06.5), subarachnoid haematoma (S06.6), multiple rib fractures (S22.4, S22.5), pneumothorax (S27.0, S27.2), liver rupture (S36.12, S36.13, S36.14, S36.15), splenic rupture (S36.02, S36.03, S36.04, S36.08), and fractures of the cervical spine (S12, S18), thoracic spine (S22.0, S22.1), lumbar spine (S32.0, S32.82), pelvic ring (S32.3, S32.5, S32.7, S32.81, S32.83, S32.89), clavicle (S42.0, S42.7), scapula (S42.1, S42.7), humerus (S42.2 -S42.4), radius (S52.1, S52.3, S52.4, S52.5, S52.6, S52.7), ulna (S52.0, S52.2), hand (S62), femoral neck (S72.0), femoral pertrochanter (S72.1, S72.2), femoral diaphysis and lower end (S72.3, S72.4), patella (S82.0), tibia (S82.1, S82.2, S82.3, S82.7), fibula (S82.11, S82.21, S82.31, S82.4, S82.6, S82.7, S82.81, S82.82), malleolus (S82.5, S82.6), foot (S92) and calcaneus (S92.0), as well as any psychiatric disease (F*), depression (F32, F31.3, F31.4, F31.5, F33.0, F33.1, F33.2, F33.3, F33.8, F33.9, F34.1), dementia (F00 -F03), coronary heart syndrome (I20 -I25), arterial hypertension (I10 -I15), arrhythmia (I47 -I49), peripheral vascular disease (I70, I79), chronic lung disease (J40-J47), thyroid disease (E00 -E07), diabetes mellitus (E10 -E14), osteoporosis (M80 -M82), malignant tumour (C*), and urinary tract infection (N30, N39.0) [8] .
Outcome variables
The outcome variable was the LOS status at the hospital, based on SwissDRG. Patients were classified into three groups as shorter LOS outliers, inliers, and longer LOS outliers. Technically, every case was assigned a DRG for billing purposes, and as long as the length of stay (LOS) of the case was within the low and high margins of the DRG (inlier definition), a case was classified as LOS inlier. If the LOS was below the low trim point of the DRG, the case was defined as a shorter LOS outlier. If LOS exceeded the high trim point, the case was accordingly defined as a longer LOS outlier [9] .
Statistics
Categorical values are presented as absolute number (%), and continuous values as median (interquartile range [IQR] ). For differences in patient characteristics (general characteristics, truncal injuries, extremity fractures and concomitant diseases) between shorter LOS outliers, inliers, and longer LOS outliers, categorical variables were analysed with chi-squared tests and continuous variables with the Kruskal-Wallis test. In order to identify independent DRG-related risk factors for shorter and longer LOS outlier status, two multivariable logistic regression models were fitted; one with shorter LOS outliers vs inliers and another with longer LOS outliers vs inliers as the dependent variable. Confounding was assumed for gender a priori. The Wald test was used to detect differences in odds and the significance level was set at 1% owing to multiple testing. Power calculation revealed that at least 1294 patients were needed to detect differences of 5% between out-and inliers at a power of 80% and a significance level of 1%. SPSS (version 21.0, IBM Corp, Armonk, NY, USA) and Stata (version 13.1; StataCorp LLC, College Station, TX, USA) were used.
Results
General patient characteristics by LOS group
A total of 8247 patients (39.8% females; median age 49.0 years, IQR 32.0-67.0) were included in the study. All general patient characteristics differed significantly between the three LOS groups except for ISS, NISS and in-house mortality. Inliers (n = 5838, 70.8%) were more frequent than shorter LOS outliers (n = 1996, 24.2%) and longer LOS outliers (n = 413, 5.0%) (table 1).
Although males were more frequent in all three LOS groups, the proportion of males was higher among shorter LOS outliers than among inliers and longer LOS outliers 
Truncal injuries by LOS groups
The proportion of patients with a concussion was higher in shorter LOS outliers than in longer LOS outliers and inliers (52.3 vs 23.7 vs 14.6%, p <0.001) (table 2). The proportion of patients with fractures of the viscerocranium was higher in longer LOS outliers than in shorter LOS outliers and inliers (14.5 vs 13.7 vs 13.7%, p <0.001). The proportion of patients with an intracranial haematoma was higher in inliers than longer LOS and shorter LOS outliers (2.1 vs 1.0 vs 0.1%, p <0.001 for epidural; 7.9 vs 4.8 vs 1.7%, p <0.001 for subdural; and 6.6 vs 4.6 vs 2.0%, p <0.001 for subarachnoid). The proportion of patients with multiple rib fractures and pneumothorax was higher in longer LOS outliers than inliers and shorter LOS outliers (9.0 vs 7.7 vs 2.7%, p <0.001 and 4.8 vs 3.9 vs 1.0%, p <0.001). The same was observed for liver and splenic ruptures (1.9 vs 0.7 vs 0.2%, p <0.001 and 2.2 vs 0.8 vs 0.2%, p <0.001, respectively). The proportions of patients with cervical and thoracic spine fractures was higher in inliers than longer and shorter LOS outliers (3.8 vs 2.9 vs 1.1%, p <0.001 and 5.3 vs 5.1 vs 1.4%, p <0.001). Lumbar spine fractures were more frequently observed in longer LOS outliers than inliers and shorter LOS outliers (7.5 vs 5.6 vs 1.4%, p <0.001). The same was true for pelvic ring fractures (6.8 vs 4.0 vs 0.5%, p <0.001).
Extremity fractures by LOS groups
The proportions of patients with clavicle and scapula fractures were higher in inliers than longer and shorter LOS outliers (5.7 vs 3.9 vs 1.4%, p <0.001 and 1.9 vs 1.9 vs 0.7%, p = 0.001, respectively) (table 3). The proportion of patients with humeral fractures was higher in longer LOS outliers than inliers and shorter LOS outliers (6.8 vs 5.5 vs 1.1%, p <0.001). The proportion of patients with a radius fracture was higher in inliers than longer and shorter LOS outliers (10.0 vs 8.0 vs 3.9%, p <0.001). The proportions of ulna and hand fractures were higher in longer LOS outliers than inliers and shorter LOS outliers (4.1 vs 3.2 vs 1.5, p <0.001 and 4.6 vs 2.0 vs 1.0%, p <0.001). The proportions of patients with fractures of the femoral neck and diaphysis were higher in in longer LOS outliers than inliers and shorter LOS outliers (2.7 vs 2.2 vs 0.3%, p <0.001 and 7.0 vs 6.7 vs 1.3%, p <0.001). The proportion of patients with pertrochanteric fractures was higher in inliers than longer and shorter LOS outliers (2.0 vs 1.0 vs 0.7%, p <0.001). The proportion of patients with fractures around the knee, ankle and foot was higher in longer LOS outliers than inliers and shorter LOS outliers (2.2 vs 1.0 vs 0.1%, p <0.001 for the patella; 9.0 vs 4.7 vs 1.7, p <0.001 for the tibia; 11.9 vs 8.3 vs 3.0%, p <0.001 for the fibula; 7.0 vs 6.3 vs 2.6%, p <0.001 for the malleolus; 8.5 vs 3.5 vs 1.7%, p <0.001 for the foot; and 4.8 vs 1.4 vs 0.5%, p <0.001 for the calcaneus).
Concomitant diseases by LOS groups
Regarding concomitant diseases (table 4), the proportion of patients with any psychiatric disease, depression, and dementia was higher in longer LOS outliers than inliers and shorter LOS outliers (30.5 vs 15.7 vs 15.5%, p <0.001 for any psychiatric disease; 8.2 vs 3.3 vs 2.0%, p <0.001 for depression; and 3.9 vs 1.4 vs 1.6%, p = 0.001 for dementia). The proportion of patients with a coronary heart syndrome was higher in inliers than longer and shorter LOS outliers (2.3 vs 2.2 vs 1.0%, p = 0.001). The proportion of patients with arterial hypertension, arrhythmia, pe- Table 1 : General patient characteristics according to the length of hospital stay (LOS), based on diagnosis related group (DRG) (n = 8247). 
Variable
Discussion
Although some reports [4, [9] [10] [11] [12] [13] have focused on risk factors for monetary deficits according to DRGs from diverse departments in hospitals, very little is known about independent risk factors for shorter LOS and longer LOS outliers according to SwissDRG in a trauma department. The present study showed that outliers are relatively common in trauma patients. In our study, shorter LOS outliers were more frequent than longer LOS outliers (24.2 vs 5.0%). However, we identified three independent risk factors (death, concussion, and psychiatric disease) for shorter LOS outliers. On the other hand, there were eight independent risk factors (age ≥65 years, number of diagnoses ≥5, comorbidity, number of surgical procedures, complication perioperatively, infection, concussion and urinary tract infection) for longer LOS outliers.
A previous Portuguese study of 9,253,087 patients from diverse hospital departments found the proportion of longer LOS outliers to be 3.9%, and reported age, type of admission and hospital type to be significantly associated with longer LOS [10] . Our slightly higher proportion of 5.0% in a trauma department is, therefore, probably influenced by our teaching University Hospital status and cohort demographics [11] .
In terms of costs, a previous study of 28,893 cases discharged from diverse departments of our hospital found psychiatric disease, admission as an emergency case and admission from an external healthcare provider to be significant predictors for higher monetary deficits [12] . Regarding LOS, our study suggests that these results for monetary deficits may be in line with discharges from our trauma department, where psychiatric disease was an independent risk factor for shorter LOS outlier status [14] . A potential explanation is that these patients may have been transferred to a specialised psychiatric unit. However, since we used data from a routine database without opening individual patient charts, this cannot be answered for sure. Another study of 23,098 patients in the American College of Surgeon's National Surgical Quality Improvement Program (ACS NSQIP) found that the median LOS was 16.1 days in patients with complications compared with 5 days in patients without complications [1] . These results are backed up by our results, where complications perioperatively were an independent risk factor for longer LOS outlier status. Furthermore, concussion was not only a risk factor for shorter, but also for longer LOS. This may be explained by the fact that patients with mild concussions may have been discharged early, whereas those with severe concussion (or even additional diagnoses) may have been discharged late.
Aside from its retrospective nature, a limitation of our study is that the data for the identification of independent DRG-related risk factors were exclusively obtained from ICD codes instead of chart review. This may have occasionally led to misclassification of certain variables. However, coding is always done with care, not only because financial reimbursement relies on obtaining the most accurate information. The information about the lack of differences for ISS and NISS must be interpreted with caution. Both variables included many missing data and the number of patients analysed was low. This study included many variables as potential risk factors. Correlations between variables may exist. However, the goal of this study was to provide a first insight into the topic, and, by fitting regression models, ORs are always given in the reference category of all other variables. Future studies will be able to focus on fewer variables in more detail and/or further subcategories as well.
The introduction of DRGs and the modification from retroto prospective payments has led to a shift in risks of monetary loss from insurers to healthcare providers, who are now forced to economise on treatment costs [2] . Shorter LOS outliers are usually accepted by hospitals as they are still cost-covering, whereas longer LOS outliers are only reimbursed with a smaller than 50% rebate on average daily costs and usually lead to a financial deficit [2] . The results of our study could be helpful to hospitals and physicians since patients with risk factors for outlier status can be counselled and managed appropriately (of course, keeping in mind that providing the best patient care for each patient independent of monetary considerations is of utmost importance for each physician). Although physicians are aware that there are out-and inliers, the recommended LOS times are usually unknown. It seems important that regular training is implemented in the routine schedule of physicians to optimise costs for healthcare providers. An additional option is to integrate the optimal LOS in electronic chart systems in order to keep treating physicians up-to-date. Since LOS can be influenced by hospitals and patients alike, this may ultimately reduce costs for hospitals, insurers and patients. Future revisions of the DRG may also take this knowledge into consideration. 
Conclusion
Our study showed that outliers, especially shorter LOS outliers, are relatively common. There were several predictors for outliers. Patients who died, or had concussion or psychiatric disease were more commonly discharged early. Patients were more often discharged latedischarged late if they were aged ≥65 years, had more diagnoses, were comorbid, had more surgical procedures, complications perioperatively, infection, concussion and urinary tract infection. For hospitals, this can help raise awareness and lead to better management of specific diagnoses in order to avoid monetary deficits. For the public health sector, this information may be considered in future revisions of the DRG. 
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